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(54) SOUD ELECTROLTIC CELL 
(57)Abstract: 

PROBLEM TO BE SOLVED: To solve a problem that 
adhering of an electrode and a solid electrolyte is 
difficult and an interface resistance of the electrode and 
the solid electrolyte is high in the prior art. 
SOLUTION: A solid electrolytic cell is sealed in an 
exterior package by intervening a solid electrolyte 
between a positive electrode formed of a spinel- system 
lithium manganate and a negative electrode formed of a 
spinel-system lithium titanate, wherein the solid 
electrolyte is formed of a sintered body formed of 
Li2Mn03 and Li1+x+yMxTi2-xSiyP3-y012 (M=AI or Ga. 
0<x<0.4, 0<y<0.6) and a sintered body formed of Li2Ti03 
and Li1+x+yMxTi2-xSiyP3-y012 (M=AI or Ga, 0<x<0.4, 
0<y<0.6), and at the same time, the sintered body 
formed of Li2Mn03 and Li1+x+yMxTi2-xSiyP3-y012 
(M=AI or Ga, 0<x<0.4, 0<y<0.6) is arranged in the positive 
electrode side and the sintered body formed of Li2Ti03 
and Li1+x+yMxTi2-xSiyP3-y012 (M=AI or Ga, 0<x<0.4, 0 
<y<0.6) is arranged on the negative electrode side. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the solid electrolyte cell which pinched the solid electrolyte with the positive 
electrode which consists of a spinel system manganic acid lithium, and the negative electrode 
which consists of spinel system lithium titanate, and was enclosed in the sheathing package The 
sintered compact which consists said solid electrolyte of Li2Mn03 and Li1+x+yMxTi2~xSiyP3- 
y012 (M=aluminum or Ga, 0<=x<=0.4, 0< y<=0.6), While forming with the sintered compact which 
consists of Li2Ti03 and Li1+x+yMxTi2-xSiyP3-y01 2 (M=aluminum or Ga, 0<=x<=OA 0< y<=0.6) 
said positive-electrode side — said Li2Mn03 and Li1+x+yMxTi2-xSiyP3-y012 (or it Ga(s) 
M=aluminum — ) the sintered compact which consists of 0<=x<=0.4 and 0< y<=0.6 — arranging - 
- said negative-electrode side — said Li2Ti03 and Li1+x+yMxTi2-xSiyP3-y012 (or it Ga(s) 
M=aluminum — ) The solid electrolyte cell characterized by arranging 0<=x<=0.4 and the sintered 
compact which consists of 0< y<=0.6. 

[Claim 2] The solid electrolyte cell characterized by forming said negative electrode with 
Li1+xTi2-x04 (0.25<=x<=0.40) sintered compact while forming said positive electrode with 
Li1+xMn2-x04 (0.05<=x<=0.2) or Li1+xNiyMn2-x-y04 (0<=x<=0.2. 0.4<=y<0.6) sintered compacL 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the solid electrolyte cell which 
pinched the solid electrolyte with the positive electrode and the negative electrode, and was 
enclosed in the sheathing package about a solid electrolyte cell. 
[0002] 

[Description of the Prior Art] There is a remarkable thing in high-performance-izing and a 
miniaturization of a notebook computer in recent years, a cellular phone, etc. of a portable 
electronic device. The cell used for these pocket device requires the much more formation of a 
high energy consistency and the much more miniaturization. 

[0003] As what meets such a demand, the lithium secondary battery using the ejection and 
insertion of a lithium ion is studied briskly. 

[0004] However, since the conventional lithium secondary battery is using nonaqueous 
electrolyte, it has the problem which cannot be disregarded on the product safety of a liquid spill 
or ignition of the electrolytic solution. 

[0005] In order to solve such a problem, development of the solid electrolyte cell not using the 
electrolytic solution is considered entirely. 

[0006] Lithium ion conductivity crystallized glass with the presentation expressed with 
Li1+x+yMxTi2-xSiyP3-y012 (M=aluminum or Ga, 0<=x<=0.4, 0< y<=0.6) indicated by JP.10- 
9781 1,A, for example as a solid electrolyte is advocated. This crystallized glass has the 
advantage that there are few grain boundaries, therefore grain boundary resistance is low, and as 
a result high lithium ion conductivity called 1x10-3 S/cm is obtained, in order to carry out a 
crystal deposit by heat treatment, after fusing a configuration raw material. 
[0007] However, in JP,10-9781 1,A, the processing very in an elevated temperature is needed 
from heat treatment for melting being performed at 1450 degrees C, and heat treatment for a 
crystal deposit being performed in two steps, 800 degrees C and 1000 degrees C. On the other 
hand, the electrode active material used with a lithium secondary battery has many which are 
heat-treated at the temperature of 700 to at most 900 degrees C. Therefore, since the heat 
treatment temperature at the time of joining an electrode and a solid electrolyte must be 
doubled with an electrode active material, the solid electrolyte cell which junction to an 
electrode and the solid electrolyte which consists of crystallized glass was difficult, and has 
joined both good for the moment is not obtained. 

[0008] Moreover, in JP,5-299101,A, although the solid electrolyte which sintered Li1+(4-n) 
xMxTi2-x(P04)3 (2 n= when a univalent or divalent cation and M of M are univalent cations and 
n= 1 and M are divalent cations x 0.1-0.5) is also advocated, since this sintering temperature is 
also as high as 1000 to 1200 degrees C, the junction to an electrode is difficult. 
[0009] On the other hand, an electrode and a solid electrolyte are stuck and the approach for 
offering the low solid electrolyte cell of interfacial resistance is proposed. 

[0010] For example, in JP,6-1 1 1831, A, it has advocated making a lithium compound react to the 
front face of the positive electrode which consists of Mn02 or an alkali-metal manganese 
multiple oxide, and making it generate Li2Mn03 of a solid electrolyte. According to this approach. 
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the adhesion of a positive electrode and a solid electrolyte is good, and since the touch area is 
large, there is an advantage that interfacial resistance is low. 

[0011] However, in JP,6-1 1 1831,A, since the capacity which an active material originally has 
since the ionic conductivity of a solid electrolyte is low cannot fully be pulled out upwards and 
the metal lithium is used for a negative electrode, it depends for the contact to a negative 
electrode and a solid electrolyte on the plasticity of a metal lithium, and interfacial resistance 
has the problem that it cannot but become high, compared with a positive-electrode side. 
[0012] This invention is made in view of the trouble of such a conventional technique, and 
junction to an electrode and a solid electrolyte aims at offering the solid electrolyte cell which 
canceled the conventional trouble that the interfacial resistance of an electrode and a solid 
electrolyte was large difficultly. 
[0013] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, in the solid 
electrolyte cell concerning this invention In the solid electrolyte cell which pinched the solid 
electrolyte with the positive electrode which consists of a spinel system manganic acid lithium, 
and the negative electrode which consists of spinel system lithium titanate, and was enclosed in 
the sheathing package The sintered compact which consists said solid electrolyte of Li2Mn03 
and Li1+x+yMxTi2-xSiyP3-y012 (M^aluminum or Ga, 0<=x<=0.4, 0< y<=0.6), While forming with 
the sintered compact which consists of Li2Ti03 and Li1+x+yMxTi2-xSiyP3-y012 (M=aluminum 
or Ga, 0<=x<=0.4, 0< y<=0.6) said positive-electrode side — said Li2Mn03 and Li1+x+yMxTi2- 
xSiyP3-y012 (or it Ga(s) M=aluminum — ) It is characterized by having arranged 0<=x<=0.4 and 
the sintered compact which consists of 0< y<=0.6, and arranging in said negative-electrode side 
said sintered compact which consists of Li2Ti03 and Li1+x+yMxTi2-xSiyP3-y012 (M=aluminum 
or Ga, 0<=x<=0.4, 0< y<=0.6). 

[0014] While forming said positive electrode in the above-mentioned solid electrolyte cell with 
Li1+xMn2-x04 (0.05<=x<=0.2) or Li1+xNiyMn2-x-y04 (0<=x<=0.2, 0.4<=y<0.6) sintered compact 
it is desirable to form said negative electrode with Li1+xTi2-x04 (0.25<=x<=0.40) sintered 
compact. 
[0015] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained, the 
sectional view in which drawin g 1 shows the example of a configuration of the solid electrolyte 
cell of this invention — it is — 1 — a positive-electrode can and 2 — for the insulating section 
and 5, as for a negative electrode and 7, a solid electrolyte and 6 are [ a positive-electrode 
current collection layer and 3 / a positive electrode and 4 / a negative-electrode current 
collection layer and 8 ] negative-electrode cans. A sheathing package consists of a positive- 
electrode can 1, a negative-electrode can 8, and the insulating section 4. 

[0016] A positive electrode 3 consists of the sintered compact of a spinel system manganic acid 
lithium. There is Li1+xMn2-x04 (0.05<=x<=0.2) or Li1+xNiyMn2-x-y04 (0<=x<=0.2, 0.4<=y<0.6) in 
such a spinel system manganic acid lithium. 

[001 7] Here, if the effectiveness of suppressing the expansion contraction at the time of charge 
and discharge is not enough if x of Li1+xMn2-x04 (0.05<=x<=0.2) is smaller than 0.05, and x is 
larger than 0.2, since the fall of charge-and-discharge capacity is remarkable, the advantage 
used for a positive electrode 3 will be spoiled. 

[0018] Moreover, although it is the positive-electrode ingredient of high potential, since nickel 

will not have dissolved and Li1+xNiyMn2-x-y04 (0<=x<=0.2, 0.4<=y<0.6) will generate an impurity 

phase if sufficient high potential will not be obtained as compared with Li1+xMn2-x04 

(0.05<=x<=0.2) if this y is smaller than 0.4, and y becomes 0.6 or more, it is not desirable. 

[001 9] A negative electrode 6 consists of the sintered compact of spinel system lithium titanate. 

There is Li1+xTi2-x04 (0.25<=x<=0.40) in such spinel system lithium titanate. 

[0020] The effectiveness of suppressing the expansion contraction at the time of charge and 

discharge here if x of Li1+xTi2-x04 (0.25<=x<=0.40) is smaller than 0.25 is not enough, and since 

a lithium will not have dissolved and an impurity phase will be generated if x is larger than 0.4, it 

is not desirable. 

[0021] The approach of sintering, after making the water or the organic solvent in which (1) 
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shaping assistant was dissolved in order to produce a positive electrode 3 and a negative 
electrode 6 distribute active material fine particles, adjusting a slurry, adding a direct or shaping 
assistant, corning the approach of judging and sintering after carrying out tape forming of this 
slurry and drying, or (2) active-material fine particles, supplying to metal mold and carrying out 
pressing with a press machine etc. is used. 

[0022] As an usable shaping assistant, one sort or two sorts or more of mixture, such as 
polyacrylic acid, a carboxymethyl cellulose, polyvinyl alcohol, diacetyl cellulose, 
hydroxypropylcellulose, and the poly butyral, is mentioned here, for example. 
[0023] A solid electrolyte 5 consists of sintered compact 5a which consists of Li2Mn03 and 
Li1+x+yMxTi2-xSiyP3-y012 (M=aluminum or Ga. 0<=x<=0.4, 0< y<=0.6), and sintered compact 5b 
which consists of Li2Ti03 and Lil+x+yMxTi2-xSiyP3-y01 2 (M-aluminum or Ga, 0<=x<=0.4, 0< 
y<=0.6X Li2Mn03 and Li1+x+yMxTi2-xSiyP3-y012 (or it Ga(s) M^aluminum ~) 0<=x<=0.4 and 
sintered compact 5a which consists of 0< y<=0.6 are arranged in a positive-electrode 3 side, and 
sintered compact 5b which consists of Li2Ti03 and Li1+x+yMxTi2-xSiyP3-y012 (M=aluminum or 
Ga, 0<=x<=0.4, 0< y<=0.6) is arranged in a negative-electrode 6 side. 

[0024] Li1+xMn2-x04 (0.05<=x<=0.2) or Li1+xNiyMn2-x-y04 (0<=x<=0.2, 0.4<=y<0.6) which is the 
active material ingredient with which Li2Mn03 constitutes a positive electrode 3 here, It is used 
in order to join Lil +x+yMxTi2~xSiyP3— y0 1 2 (M— aluminum or Ga, O^—x^— 0.4, 0^ y^— 0.6) which is 
the ingredient which constitutes solid electrolyte 5a. 

[0025] Moreover, Li2Ti03 is used in order to join Li1+xTi2-x04 (0.25<=x<=0.40) which is the 
active material ingredient which constitutes a negative electrode 6, and Li1+x+yMxTi2-xSiyP3- 
y012 (M=aluminum or Ga, 0<=x<=0.4, 0< y<=0.6) which is the ingredient which constitutes solid 
electrolyte 5b. 

[0026] The approach of sintering, after making the water or the organic solvent in which (1) 
shaping assistant was dissolved in order to produce a solid electrolyte 5 (5a, 5b) distribute solid 
electrolyte fine particles, adjusting a slurry, adding a direct or shaping assistant, corning the 
approach of judging and sintering after carrying out tape forming of this slurry and drying, or (2) 
solid-electrolyte fine particles, supplying to metal mold and carrying out pressing with a press 
machine etc. is used. 

[0027] As an usable shaping assistant, one sort or two sorts or more of mixture, such as 
polyacrylic acid, a carboxymethyl cellulose, polyvinyl alcohol, diacetyl cellulose, 
hydroxypropylcellulose, and the poly butyral, is mentioned here, for example. 
[0028] The sintering conditions of a solid electrolyte 5, a positive electrode 3, and a negative 
electrode 6 are suitably chosen from 30 minutes within the limits of 30 hours according to the 
synthetic conditions of the presentation of an active material and a solid electrolyte, an active 
material, and a solid electrolyte, or the size of a sintered compact at 500 to 900 degrees 0. 
[0029] The positive-electrode current collection layer 2 and the negative-electrode current 
collection layer 7 are arranged for contact to the positive-electrode can 1, a positive electrode 
3, or the negative-electrode can 8 and a negative electrode 6, and current collection, for 
example, consist conductive ingredients, such as gold, silver, copper, aluminum, nickel, and 
carbon, of vacuum evaporationo or the thin film which carried out sputtering. 
[0030] It is arranged in order that the positive-electrode can 1 and the negative-electrode can 8 
may prevent inhibition of the charge-and-discharge reaction by the moisture in atmospheric air, 
and in order to use as each terminal of a positive electrode 3 and a negative electrode 6, for 
example, the sheet metal of metals, such as aluminum, copper, nickel, stainless steel, and 
titanium, is used. 

[0031] In order that the insulating section 4 may prevent the short circuit of a positive electrode 
3 and a negative electrode 6, it is arranged, for example, macromolecules, such as polyethylene, 
polypropylene, and polyimide, are used. 

[0032] A sheathing package consists of a positive-electrode can 1, the insulating section 4, and 

a negative-electrode can 8. 

[0033] 

[Example 1] The laminating of the positive-electrode Plastic solid which consists of Lil.IMn 

1 .904, and the solid electrolyte Plastic solid by the side of the positive electrode which consists 
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of Li2MnO3/Li1.31aluminum0-3Ti1.7Si01P2.99O12=10/90wt% is carried out. The laminating of the 
negative-electrode Plastic solid which consists of Li1.33Ti 1.6704, and the solid electrolyte 
Plastic solid by the side of the negative electrode which consists of 

Li2TiO3/Li1.31aluminum0.3Ti1.7Si01P2.99O12=10/90wt% is carried out Furthermore The solid 
electrolyte layer which consists of Li2MnO3/Lil.31aluminum0.3Ti1.7Si01P2.99O12=10/90wt%, 
and the solid electrolyte layer by the side of the negative electrode which consists of 
Li2TiO3/Li1.31aluminum0.3Ti1.7Si01P2.99O12=10/90wt% The solid electrolyte cell component 
was produced by carrying out a laminating so that it may and processing at 850 degrees C 

for 10 hours. 

[0034] As for the size of the produced solid electrolyte cell component, for the positive 
electrode, 250 micrometers and a solid electrolyte were [ a total of 10 micrometers and the 
negative electrode of phi20mm and thickness ] 250 micrometers. 

[0035] After vapor-depositing gold to both sides of a solid electrolyte cell component and 
forming a philSmm current collection layer in them, the solid electrolyte cell was produced by 
inserting in into a polyethylene ring with the outer diameter of 25mm, a bore [ of 20.5mm ], and a 
height of 550 micrometers, and inserting and carrying out thermocompression bonding to the 
aluminum sheet metal of two sheets in an argon. 
[0036] 

[The example 1 of a comparison] The solid electrolyte cell component was produced by carrying 
out the laminating of the positive-electrode Plastic solid which consists of Lil.IMn 1,904, the 
solid electrolyte Plastic solid which consists of Lil .31aluminum0.3Ti1.7Si01P2.99O12, and the 
negative-electrode Plastic solid which consists of Li1.33Ti 1.6704. and processing it at 850 
degrees 0 for 1 0 hours. 

[0037] The made solid electrolyte cell component had the weak solid electrolyte layer, therefore 
was that in which a positive electrode and a negative electrode tend to peel. 
[0038] As for the size of the produced solid electrolyte cell component, for the positive 
electrode, 250 micrometers and a solid electrolyte were [ a total of 10 micrometers and the 
negative electrode of phi20mm and thickness ] 250 micrometers. 

[0039] After vapor-depositing gold to both sides of a solid electrolyte cell component and 

forming a phi 18mm current collection layer in them, dealing with it carefully, the solid electrolyte 

cell was produced by inserting in into a polyethylene ring with the outer diameter of 25mm. a 

bore [ of 20.5mm ], and a height of 550 micrometers, and inserting and carrying out 

thermocompression bonding to the aluminum sheet metal of two sheets in an argon. 

[0040] Charge-and-discharge capacity was measured with the current density of 

1 00microA/cm2 about the produced solid electrolyte cell. The result is shown in Table 1. 

:0041] 

Table 1] 



[0042] The positive-electrode sintered compact which consists of Lil.IMn 1.904 as Table 1 
shows, The solid electrolyte sintered compact which consists of 

Li1.31aluminum0.3Ti1.7Si01P2.99O12. As opposed to the example 1 of a comparison which 
consists of negative-electrode sintered compacts which consist of Li1.33Ti 1.6704 not showing 
charge-and-discharge actuation While arranging the solid electrolyte which changes from 
Li2MnO3/Li1.31aluminum0.3Ti1.7Si01P2.99O12=10/90wt% to the positive-electrode side which 
consists of Lil.IMn 1.904 The solid electrolyte cell of the example 1 which arranged the solid 
electrolyte which changes from Li2TiO3/Li1.31aluminum0.3Ti1.7Si01P2.99O12=10/90wt% to the 
negative-electrode side which consists of Li1.33Ti 1.6704 shows charge-and-discharge 
actuation. 

[0043] This is added to sintering of a solid electrolyte having the inadequate example 1 of a 
comparison. Junction to the positive electrode which consists of Lil.IMn 1.904 in an example 1 
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to a thing with the high interfacial resistance of an electrode and a solid electrolyte, and 
Li2Mn03 in a solid electrolyte. Junction to the negative electrode which consists of Li1.33Ti 
1 .6704, and Li2Ti03 in a solid electrolyte. Junction to Li2Mn03 in a positive-electrode side solid 
electrolyte, and Li1.31alunninum0.3Ti1.7Si01P2.99O12, And each of junction to Li2Ti03 in a 
negative-electrode side solid electrolyte and Li1.31aluminum0.3Ti1.7Si01P2.99O12 is good. The 
solid electrolyte sintered compact with high ionic conductivity with a sufficient therefore degree 
of sintering was not only obtained, but Li2Mn03 in a positive-electrode side solid electrolyte 
dissolves to U1.31aluminum0.3Ti1.7Si01P2.99O12 in LiMMn 1.904 in a positive electrode, and a 
solid electrolyte. When Li2Ti03 in a negative-electrode side solid electrolyte dissolves to 
U1.31aluminum0.3Til.7Si01P2.99O12 in Li1.33Ti 1.6704 in a negative electrode, and a solid 
electrolyte, it is because the interfacial resistance of an electrode and a solid electrolyte is 
reduced. 

[0044] In addition, the same effectiveness is checked even if it uses Li1nickel0.5Mn 1.504 for 

positive active material. 

[0045] 

[Effect of the Invention] As mentioned above, the sintered compact which consists a solid 
electrolyte of U2Mn03 and Li1+x+yMxTi2-xSiyP3-y012 (M=aluminum or Ga, 0<=x<=0.4, 0< 
y<=0.6) according to the solid electrolyte cell concerning this invention. While forming with the 
sintered compact which consists of Li2Ti03 and Li1+x+yMxTi2-xSiyP3-y012 (M=aluminum or 
Ga, 0<=x<=0.4, 0< y<=0.6) a positive-electrode side — above-mentioned Li2Mn03 and 
Li1+x+yMxTi2-xSiyP3-y012 (or it Ga(s) M=aluminum — ) the sintered compact which consists of 
0<-x<=0.4 and 0< y<=0.6 — arranging — a negative-electrode side — above-mentioned Li2Ti03 
and Lil+x+yMxTi2-xSiyP3-y012 (or it Ga(s) M=aluminum — ) From having arranged 0<=x<=0.4 
and the sintered compact which consists of 0< y<=0.6 Junction to the positive electrode which 
consists of Lil.IMn 1.904, and Li2Mn03 in a solid electrolyte. Junction to the negative electrode 
which consists of Li1.33Ti 1.6704, and Li2Ti03 in a solid electrolyte, Junction to Li2Mn03 in a 
positive-electrode side solid electrolyte, and Li1.31aluminum0.3Ti1.7Si01P2.99O12, According to 
each of junction to Li2Ti03 in a negative-electrode side solid electrolyte and 
Li1.31aluminum0.3Ti1.7Si01P2.99O12 being good, the cell which operates normally also under 
current density high enough can be offered. 

[0046] Moreover, since the negative electrode was formed with spinel system lithium titanate 
and it is small to extent which there is no expansion contraction at the time of the charge and 
discharge of these active materials, or hardly becomes a problem while forming a positive 
electrode with a spinel system manganic acid lithium, the nature cell of solid-state electrification 
in which the charge-and-discharge behavior which contact of the interface of an electrode and a 
solid electrolyte is not spoiled, therefore was stabilized is shown can be offered. 
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TECHNICAL FIELD 



[Field of the Invention] Especially this invention relates to the solid electrolyte cell which 
pinched the solid electrolyte with the positive electrode and the negative electrode, and was 
enclosed in the sheathing package about a solid electrolyte cell. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As mentioned above, the sintered compact which consists a solid 
electrolyte of Li2Mn03 and U1+x+yMxTi2-xSiyP3-y012 (M=aluminum or Ga. 0<=x<=0.4, 0< 
y<=0.6) according to the solid electrolyte cell concerning this invention, While forming with the 
sintered compact which consists of Li2Ti03 and Li1+x+yMxTi2-xSiyP3-y012 (M=aluminum or 
Ga. 0<=x<=0.4, 0< y<=0.6) a positive-electrode side — above-mentioned Li2Mn03 and 
Li1+x+yMxTi2-xSiyP3-y012 (or it Ga(s) M=aluminum — ) the sintered compact which consists of 
0<=x<=0.4 and 0< y<=0.6 — arranging — a negative-electrode side — above-mentioned Li2Ti03 
and Li1+x+yMxTi2-xSiyP3~y012 (or it Ga(s) M=aluminum — ) From having arranged 0<=x<=0.4 
and the sintered compact which consists of 0< y<=0.6 Junction to the positive electrode which 
consists of Lil.IMn 1.904. and Li2Mn03 in a solid electrolyte. Junction to the negative electrode 
which consists of Li1.33Ti 1.6704, and Li2Ti03 in a solid electrolyte. Junction to Li2Mn03 in a 
positive-electrode side solid electrolyte, and Li1.31aluminum0.3Ti1.7Si01P2.99O12, According to 
each of junction to Li2Ti03 in a negative-electrode side solid electrolyte and 
Li1.31aluminum0.3Ti1.7Si01P2.99O12 being good, the cell which operates normally also under 
current density high enough can be offered. 

[0046] Moreover, since the negative electrode was formed with spinel system lithium titanate 
and it is small to extent which there is no expansion contraction at the time of the charge and 
discharge of these active materials, or hardly becomes a problem while forming a positive 
electrode with a spinel system manganic acid lithium, the nature cell of solid-state electrification 
in which the charge-and-discharge behavior which contact of the interface of an electrode and a 
solid electrolyte is not spoiled, therefore was stabilized is shown can be offered. 
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TECHNICAL PROBLEM 



[Description of the Prior Art] There is a remarkable thing in high-performance-izing and a 
miniaturization of a notebook computer in recent years, a cellular phone, etc. of a portable 
electronic device. The cell used for these pocket device requires the much more formation of a 
high energy consistency and the much more miniaturization. 

[0003] As what meets such a demand, the lithium secondary battery using the ejection and 
insertion of a lithium ion is studied briskly. 

[0004] However, since the conventional lithium secondary battery is using nonaqueous 
electrolyte, it has the problem which cannot be disregarded on the product safety of a liquid spill 
or ignition of the electrolytic solution. 

[0005] In order to solve such a problem, development of the solid electrolyte cell not using the 
electrolytic solution is considered entirely. 

[0006] Lithium ion conductivity crystallized glass with the presentation expressed with 
Li1+x+yMxTi2-xSiyP3-y012 (M=aluminum or Ga, 0<=x<=0.4, 0< y<=0.6) indicated by JP,10- 
9781 1, A, for example as a solid electrolyte is advocated. This crystallized glass has the 
advantage that there are few grain boundaries, therefore grain boundary resistance is low, and as 
a result high lithium ion conductivity called 1x1 0~3 S/cm is obtained, in order to carry out a 
crystal deposit by heat treatment, after fusing a configuration raw material. 
[0007] However, in JP,10-9781 1 ,A, the processing very in an elevated temperature is needed 
from heat treatment for melting being performed at 1450 degrees C. and heat treatment for a 
crystal deposit being performed in two steps, 800 degrees C and 1000 degrees C. On the other 
hand, the electrode active material used with a lithium secondary battery has many which are 
heat-treated at the temperature of 700 to at most 900 degrees C. Therefore, since the heat 
treatment temperature at the time of joining an electrode and a solid electrolyte must be 
doubled with an electrode active material, the solid electrolyte cell which junction to an 
electrode and the solid electrolyte which consists of crystallized glass was difficult, and has 
joined both good for the moment is not obtained. 

[0008] Moreover, in JP,5-299101,A, although the solid electrolyte which sintered Li1+(4-n) 
xMxTi2-x(P04)3 (2 n= when a univalent or divalent cation and M of M are univalent cations and 
n= 1 and M are divalent cations x 0.1-0.5) is also advocated, since this sintering temperature is 
also as high as 1000 to 1200 degrees C, the junction to an electrode is difficult. 
[0009] On the other hand, an electrode and a solid electrolyte are stuck and the approach for 
offering the low solid electrolyte cell of interfacial resistance is proposed. 

[0010] For example, in JP,6-1 1 1831, A, it has advocated making a lithium compound react to the 
front face of the positive electrode which consists of Mn02 or an alkali-metal manganese 
multiple oxide, and making it generate Li2Mn03 of a solid electrolyte. According to this approach, 
the adhesion of a positive electrode and a solid electrolyte is good, and since the touch area is 
large, there is an advantage that interfacial resistance is low. 

[0011] However, in JP,6-1 1 1831,A, since the capacity which an active material originally has 
since the ionic conductivity of a solid electrolyte is low cannot fully be pulled out upwards and 
the metal lithium is used for a negative electrode, it depends for the contact to a negative 
electrode and a solid electrolyte on the plasticity of a metal lithium, and interfacial resistance 
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has the problem that it cannot but become high, compared with a positive-electrode side. 
[0012] This invention is made in view of the trouble of such a conventional technique, and 
junction to an electrode and a solid electrolyte aims at offering the solid electrolyte cell which 
canceled the conventional trouble that the interfacial resistance of an electrode and a solid 
electrolyte was large difficultly. 
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MEANS 



[Means for Solving the Problem] In order to attain the above-mentioned purpose, in the solid 
electrolyte cell concerning this invention In the solid electrolyte cell which pinched the solid 
electrolyte with the positive electrode which consists of a spinel system manganic acid lithium, 
and the negative electrode which consists of spinel system lithium titanate, and was enclosed in 
the sheathing package The sintered compact which consists said solid electrolyte of Li2Mn03 
and Li1+x+yMxTi2-xSiyP3-y012 (M=aluminum or Ga, 0<=x<=0.4, 0< y<=0.6), While forming with 
the sintered compact which consists of Li2Ti03 and Li1+x+yMxTi2-xSiyP3-y01 2 (M=aluminum 
or Ga, 0<=x<=0.4, 0< y<=0.6) said positive-electrode side — said Li2Mn03 and Li1+x+yMxTi2- 
xSiyP3-y012 (or it Ga(s) M=aluminum — ) It is characterized by having arranged 0<=x<=0.4 and 
the sintered compact which consists of 0< y<=0.6, and arranging in said negative-electrode side 
said sintered compact which consists of Li2Ti03 and Li1+x+yMxTi2-xSiyP3-y012 (M=aluminum 
or Ga, 0<=x<=0.4, 0< y<=0.6). 

[0014] While forming said positive electrode in the above-mentioned solid electrolyte cell with 
Li1+xMn2-x04 (0.05<=x<=0.2) or Li1+xNiyMn2-x-y04 (0<=x<=0.2, 0.4<=y<0.6) sintered compact 
it is desirable to form said negative electrode with Li1+xTi2-x04 (0.25<=x<=0.40) sintered 
compact. 
[0015] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained, the 
sectional view in which drawing 1 shows the example of a configuration of the solid electrolyte 
cell of this invention — it is — 1 — a positive-electrode can and 2 — for the insulating section 
and 5, as for a negative electrode and 7, a solid electrolyte and 6 are [ a positive-electrode 
current collection layer and 3 / a positive electrode and 4 / a negative-electrode current 
collection layer and 8 ] negative-electrode cans. A sheathing package consists of a positive- 
electrode can 1 , a negative-electrode can 8, and the insulating section 4. 

[0016] A positive electrode 3 consists of the sintered compact of a spinel system manganic acid 
lithium. There is Li1+xMn2-x04 (0.05<=x<=0.2) or Li1+xNiyMn2-x-y04 (0<=x<=0.2, 0.4<=y<0.6) in 
such a spinel system manganic acid lithium. 

[0017] Here, if the effectiveness of suppressing the expansion contraction at the time of charge 
and discharge is not enough if x of Li1+xMn2-x04 (0.05<=x<=0.2) is smaller than 0.05, and x is 
larger than 0.2, since the fall of charge-and-discharge capacity is remarkable, the advantage 
used for a positive electrode 3 will be spoiled. 

[0018] Moreover, although it is the positive-electrode ingredient of high potential, since nickel 
will not have dissolved and Li1+xNiyMn2-X7y04 (0<=x<=0.2, 0.4<=y<0.6) will generate an impurity 
phase if sufficient high potential will not be obtained as compared with Li1+xMn2-x04 
(0.05<=x<=0.2) if this y is smaller than 0.4, and y becomes 0.6 or more, it is not desirable. 
[0019] A negative electrode 6 consists of the sintered compact of spinel system lithium titanate. 
There is Li1+xTi2-x04 (0.25<=x<=0.40) in such spinel system lithium titanate. 
[0020] The effectiveness of suppressing the expansion contraction at the time of charge and 
discharge here if x of Li1+xTi2-x04 (0.25<=x<=0.40) is smaller than 0.25 is not enough, and since 
a lithium will not have dissolved and an impurity phase will be generated if x is larger than 0.4, it 
is not desirable. 
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[0021] The approach of sintering, after making the water or the organic solvent in which (1) 
shaping assistant was dissolved in order to produce a positive electrode 3 and a negative 
electrode 6 distribute active material fine particles, adjusting a slurry, adding a direct or shaping 
assistant, corning the approach of judging and sintering after carrying out tape forming of this 
slurry and drying, or (2) active-material fine particles, supplying to metal mold and carrying out 
pressing with a press machine etc. is used. 

[0022] As an usable shaping assistant, one sort or two sorts or more of mixture, such as 
polyacrylic acid, a carboxymethyl cellulose, polyvinyl alcohol, diacetyl cellulose, 
hydroxypropylcellulose, and the poly butyral, is mentioned here, for example. 
[0023] A solid electrolyte 5 consists of sintered compact 5a which consists of Li2Mn03 and 
Li1+x+yMxTi2-xSiyP3-y012 (M=aluminum or Ga, 0<=x<=0.4, 0< y<=0.6X and sintered compact 5b 
which consists of Li2Ti03 and Li1+x+yMxTi2-xSiyP3-y012 (M=aluminum or Ga, 0<=x<=0.4, 0< 
y<=0.6X Li2Mn03 and Li1+x+yMxTi2-xSiyP3-yO<SUB>12 (or it Ga(s) M=aluminum — ) 0<=x<=0.4 
and sintered compact 5a which consists of 0< y<=0.6 are arranged in a positive-electrode 3 side, 
and sintered compact 5b which consists of Li2Ti03 and Li1+x+yMxTi2-xSiyP3-y012 
(M=aluminum or Ga, 0<=x<=0.4, 0< y<=0.6) is arranged in a negative-electrode 6 side. 
[0024] Li1+xMn2-x04 (0.05<=x<=0.2) or Li1+xNiyMn2-x-y04 (0<=x<=0.2, 0.4<=y<0.6) which is the 
active material ingredient with which Li2Mn03 constitutes a positive electrode 3 here. It is used 
in order to join Li1+x+yMxTi2-xSiyP3-y012 (M=aluminum or Ga, 0<=x<=0.4. 0< y<=0.6) which is 
the ingredient which constitutes solid electrolyte 5a. 

[0025] Moreover, Li2Ti03 is used in order to join Li1+xTi2-x04 (0.25<=x<=0.40) which is the 
active material ingredient which constitutes a negative electrode 6, and Li1+x+yMxTi2-xSiyP3- 
y012 (M^aluminum or Ga, 0<=x<=0.4, 0< y<=0.6) which is the ingredient which constitutes solid 
electrolyte 5b. 

[0026] The approach of sintering, after making the water or the organic solvent in which (1) 
shaping assistant was dissolved in order to produce a solid electrolyte 5 (5a, 5b) distribute solid 
electrolyte fine particles, adjusting a slurry, adding a direct or shaping assistant, corning the 
approach of judging and sintering after carrying out tape forming of this slurry and drying, or (2) 
solid-electrolyte fine particles, supplying to metal mold and carrying out pressing with a press 
machine etc. is used. 

[0027] As an usable shaping assistant, one sort or two sorts or more of mixture, such as 
polyacrylic acid, a carboxymethyl cellulose, polyvinyl alcohol, diacetyl cellulose, 
hydroxypropylcellulose, and the poly butyral, is mentioned here, for example. 
[0028] The sintering conditions of a solid electrolyte 5, a positive electrode 3, and a negative 
electrode 6 are suitably chosen from 30 minutes within the limits of 30 hours according to the 
synthetic conditions of the presentation of an active material and a solid electrolyte, an active 
material, and a solid electrolyte, or the size of a sintered compact at 500 to 900 degrees 0. 
[0029] The positive-electrode current collection layer 2 and the negative-electrode current 
collection layer 7 are arranged for contact to the positive-electrode can 1, a positive electrode 
3, or the negative-electrode can 8 and a negative electrode 6, and current collection, for 
example, consist conductive ingredients, such as gold, silver, copper, aluminum, nickel, and 
carbon, of vacuum evaporationo or the thin film which carried out sputtering. 
[0030] It is arranged in order that the positive-electrode can 1 and the negative-electrode can 8 
may prevent inhibition of the charge-and-discharge reaction by the moisture in atmospheric air, 
and in order to use as each terminal of a positive electrode 3 and a negative electrode 6, for 
example, the sheet metal of metals, such as aluminum, copper, nickel, stainless steel, and 
titanium, is used. 

[0031] In order that the insulating section 4 may prevent the short circuit of a positive electrode 
3 and a negative electrode 6, it is arranged, for example, macromolecules, such as polyethylene, 
polypropylene, and polyimide, are used. 

[0032] A sheathing package consists of a positive-electrode can 1, the insulating section 4, and 

a negative-electrode can 8. 

[0033] 

[Example 1] The laminating of the positive-electrode Plastic solid which consists of Lil.IMn 
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1.904, and the solid electrolyte Plastic solid by the side of the positive electrode which consists 
of Li2MnO3/U1.31aluminum0.3Ti1.7Si01P2.99O12=10/90wt% is carried out. The laminating of the 
negative-electrode Plastic solid which consists of Li1.33Ti 1.6704, and the solid electrolyte 
Plastic solid by the side of the negative electrode which consists of 

Li2TiO3/Li1.31aluminum0.3Ti1.7Si01P2.99O12=10/90wt% is carried out. Furthermore The solid 
electrolyte layer which consists of Li2MnO3/Li1.31aluminum0.3Ti1.7Si0lP2.99O12=10/90wt%. 
and the solid electrolyte layer by the side of the negative electrode which consists of 
Li2TiO3/Li1.31aluminum0.3Ti1.7Si01P2.99O12=10/90wt% The solid electrolyte cell component 
was produced by carrying out a laminating so that it may ****, and processing at 850 degrees C 
for 10 hours. 

[0034] As for the size of the produced solid electrolyte cell component, for the positive 
electrode, 250 micrometers and a solid electrolyte were [ a total of 10 micrometers and the 
negative electrode of phi20mm and thickness ] 250 micrometers. 

[0035] After vapor-depositing gold to both sides of a solid electrolyte cell component and 
forming a philSmm current collection layer in them, the solid electrolyte cell was produced by 
inserting in into a polyethylene ring with the outer diameter of 25mm, a bore [ of 20.5mm ], and a 
height of 550 micrometers, and inserting and carrying out thermocompression bonding to the 
aluminum sheet metal of two sheets in an argon. 
[0036] 

[The example 1 of a comparison] The solid electrolyte cell component was produced by carrying 
out the laminating of the positive-electrode Plastic solid which consists of Lil.IMn 1.904, the 
solid electrolyte Plastic solid which consists of Li1.31aluminum0.3Ti1.7Si01P2.99O12, and the 
negative-electrode Plastic solid which consists of U1.33Ti 1.6704, and processing it at 850 
degrees C for 1 0 hours. 

[0037] The made solid electrolyte cell component had the weak solid electrolyte layer, therefore 
was that in which a positive electrode and a negative electrode tend to peel. 
[0038] As for the size of the produced solid electrolyte cell component, for the positive 
electrode, 250 micrometers and a solid electrolyte were [ a total of 10 micrometers and the 
negative electrode of phi20mm and thickness ] 250 micrometers. 

[0039] After vapor-depositing gold to both sides of a solid electrolyte cell component and 
forming a philSmm current collection layer in them, dealing with it carefully, the solid electrolyte 
cell was produced by inserting in into a polyethylene ring with the outer diameter of 25mm, a 
bore [ of 20.5mm ], and a height of 550 micrometers, and inserting and carrying out 
thermocompression bonding to the aluminum sheet metal of two sheets in an argon. 
[0040] Charge-and-discharge capacity was measured with the current density of 
1 00microA/cm2 about the produced solid electrolyte cell. The result is shown in Table 1. 



[0041] 




[Table 1] 

















[0042] The positive-electrode sintered compact which consists of Lil.IMn 1.904 as Table 1 
shows, The solid electrolyte sintered compact which consists of 

Li1.31aluminum0.3Ti1.7Si01P2.99O12, As opposed to the example 1 of a comparison which 
consists of negative-electrode sintered compacts which consist of Li1.33Ti 1.6704 not showing 
charge-and-discharge actuation While arranging the solid electrolyte which changes from 
Li2MnO3/Li1.31aluminum0.3Ti1.7Si01P2.99O12=10/90wt% to the positive-electrode side which 
consists of Lil.IMn 1.904 The solid electrolyte cell of the example 1 which arranged the solid 
electrolyte which changes from Li2TiO3/Li1.31aluminum0.3Ti1.7Si01P2.99O12=10/90wt% to the 
negative-electrode side which consists of Lil.33Ti 1.6704 shows charge-and-discharge 
actuation. 

[0043] This is added to sintering of a solid electrolyte having the inadequate example 1 of a 
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comparison. Junction to the positive electrode which consists of Lil.IMn 1.904 in an example 1 
to a thing with the high interfacial resistance of an electrode and a solid electrolyte, and 
Li2Mn03 in a solid electrolyte, Junction to the negative electrode which consists of Li1.33Ti 
1.6704, and Li2Ti03 in a solid electrolyte, Junction to Li2Mn03 in a positive-electrode side solid 
electrolyte, and Li1.31aluminum0.3Ti1.7Si01P2.99O12. And each of junction to U2Ti03 in a 
negative-electrode side solid electrolyte and Li1.31aluminum0.3Ti1.7Si01P2.99O12 is good. The 
solid electrolyte sintered compact with high ionic conductivity with a sufficient therefore degree 
of sintering was not only obtained, but Li2Mn03 in a positive-electrode side solid electrolyte 
dissolves to Li1.31aluminum0.3Ti1.7Si01P2.99O1 2 in Lil.IMn 1.904 in a positive electrode, and a 
solid electrolyte. When Li2Ti03 in a negative-electrode side solid electrolyte dissolves to 
Li1.31aluminum0.3Ti1.7Si01P2.99O12 in Li1.33Ti 1.6704 in a negative electrode, and a solid 
electrolyte, it is because the interfacial resistance of an electrode and a solid electrolyte is 
reduced. 

[0044] In addition, the same effectiveness is checked even if it uses Li1nickel0.5Mn 1.504 for 
positive active material. 



[Translation done.] 



http:/ / www4.ipdl.inpit.gojp/cgi-bin/tran_web_cgi_ejje 



2008/01/09 



JP,2001-155763.A [DESCRIPTION OF DRAWINGS] 



1/1 ^-V 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the example of a configuration of the solid 
electrolyte cell in this invention. 
[Description of Notations] 

1 [ .. The insulating section (sheathing package), 5 / .. A solid electrolyte, 6 / A negative 
electrode, 7 / .. A negative-electrode current collection layer, 8 / .. Negative-electrode can 
(sheathing package) ] .... A positive-electrode can (sheathing package), 2 .. A positive-electrode 
current collection layer, 3 .. A positive electrode, 4 
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DRAWINGS 
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